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(57)  Anexample rifle includes arifle scope including
afront optics and back optics for imaging a remote object.
A parallax compensating device is coupled to the rifle
scope. The parallax compensating device determines a
zero-parallax setting distance to compensate parallax er-

EXTERNAL MODULE AND METHOD FOR ELECTRONIC COMPENSATION OF PARALLAX
ERRORS IN DIRECT-VIEW RIFLE SCOPES

rors associated with imaging a remote object. The par-
allax compensating device removes, using the zero-par-
allax setting distance, the parallax errors dynamically in
real time even if a user’'s head or eyes are misaligned
and temperature at the rifle scope or rifle changes.
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Description
BACKGROUND

[0001] When using personal targeting systems, such
as rifle scopes, motion parallax can cause errors in aim-
ing and lead to missed targets. The target’s location in-
fluences this parallax error in relation to the aiming reti-
cule, which is projected through the front optics of the
scope. Additionally, parallax error can be affected by
changes in local temperature. Completely and quickly
eliminating parallax errors in all operational conditions
remains an important and unsolved practical issue.

SUMMARY

[0002] According to one aspect of the subject matter
described in this disclosure, an example rifle is provided.
Therifle includes arifle scope including a front optics and
back optics for imaging a remote object. A parallax com-
pensating device is coupled to the rifle scope. The par-
allax compensating device determines a zero-parallax
setting distance to compensate parallax errors associat-
ed with imaging a remote object. The parallax compen-
sating device removes, using the zero-parallax setting
distance, the parallax errors dynamically in real time even
if a user’s head or eyes are misaligned and temperature
at the rifle scope or rifle changes.

[0003] In some implementations, the front optics may
include an objective lens and other lenses and/or prisms
located between the objective lens and a reticule. The
back optics may include an eyepiece. The front optics
may include at least one temperature sensor for deter-
mining temperature data of the rifle scope or surrounding
environment. The parallax compensating device may in-
clude a processing systemto determine the zero-parallax
setting distance based on target range data of the remote
object, temperature data of the rifle scope or rifle, and
calibrated data from at least one calibrated look-table
stored in the processing system. The parallax compen-
sating device includes an external tunable optics module
(TOM) having the refractive plates. The TOM may be
coupled to at least one actuator to move the refractive
plates. The processing system may send signals to the
at least one actuator to move the refractive plates to tune
its refractive power to reflect the zero-parallax setting dis-
tance. The parallax compensation device may cancel
both temperature-dependent and temperature-inde-
pendent sources of the parallax error.

[0004] According to another aspect of the subject mat-
ter described in this disclosure, an example method for
dynamic parallax compensation is provided. The method
includes the following: providing a front optics and a back
optics of an optical system for imaging a remote object;
coupling a parallax compensating device to the front op-
tics; determining, using the parallax compensating de-
vice, a zero-parallax setting distance to compensate par-
allax errors associated with imaging a remote object; and
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removing, using the zero-parallax setting distance, the
parallax errors dynamically in real time even if a user is
misaligned and temperature at the front optics or the op-
tical system changes.

[0005] In some implementations, the front optics in-
cludes an objective lens and other lenses and/or prisms
located between the objective lens and a reticule plane.
The back optics includes an eyepiece. The front optics
may include at least one temperature sensor for deter-
mining temperature data of the front optics or optical sys-
tem.

[0006] Insomeimplementations, the parallax compen-
sating device may include a processing system to deter-
mine the zero-parallax setting distance based on target
range data of the remote object, temperature data of the
rifle scope or surrounding environment, and calibrated
data from at least one calibrated look-table stored in the
processing system. The parallax compensating device
includes external tunable optics module (TOM) having
the refractive plates. The TOM may be coupled to at least
one actuator to move the refractive plates. The process-
ing system may send signals to the at least one actuator
to move the refractive plates to tune its refractive power
to reflect the zero-parallax setting distance. The parallax
compensation device may cancel both temperature-de-
pendent and temperature-independent sources of the
parallax error.

[0007] According to another aspect of the subject mat-
ter described in this disclosure, an example system for
dynamic parallax compensation is provided. The system
includes a tunable optics module (TOM) for focusing at
least one image of a remote target to a reticule plane of
a front optics of an optical device. The TOM includes
refractive plates for tuning the refractive power of the
TOMandis coupled to atleast one actuator. A processing
device for receiving data regarding the remote objectand
determining a zero-parallax setting distance from the re-
ceived data to compensate for parallax error in imaging
the remote object. The processing device is configured
to send signals to the at least one actuator to adjust the
refractive plates for tuning the refractive power of the
TOM to reflect the zero-parallax setting distance to com-
pensate for the parallax error.

[0008] In some implementations, the TOM is posi-
tioned on the front optics of the optical device. The
processing device may be an embedded processor.
Each of the refractive plates may include a diffraction-
limited surface.

[0009] Additional features and advantages of the
present disclosure is described in, and will be apparent
from, the detailed description of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure isillustrated by way of example,
and not by way of limitation, in the figures of the accom-
panying drawings in which like reference numerals are
used to refer to similar elements. It is emphasized that
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various features may not be drawn to scale and the di-
mensions of various features may be arbitrarily increased
or reduced for clarity of discussion.

Fig. 1 is a schematic block diagram of an example
parallax compensation system.

Fig. 2 is a schematic diagram of an example rifle
connected to a parallax compensation system.

Fig. 3 is a process flowgraph of operations included
in an example process for dynamic parallax com-
pensation.

DETAILED DESCRIPTION

[0011] The figures and descriptions provided herein
may have been simplified to illustrate aspects that are
relevant for a clear understanding of the herein described
devices, systems, and methods, while eliminating, for the
purpose of clarity, other aspects that may be found in
typical similar devices, systems, and methods. Those of
ordinary skill may recognize that other elements and/or
operations may be desirable and/or necessary to imple-
mentthe devices, systems, and methods described here-
in. But because such elements and operations are well
known in the art, and because they do not facilitate a
better understanding of the present disclosure, a discus-
sion of such elements and operations may not be pro-
vided herein. However, the present disclosure is deemed
to inherently include all such elements, variations, and
modifications to the described aspects that would be
known to those of ordinary skill in the art.

[0012] The terminology used herein is for the purpose
of describing particular example implementations only
and is not intended to be limiting. For example, as used
herein, the singular forms "a", "an" and "the" may be in-
tended to include the plural forms as well, unless the
context clearly indicates otherwise. The terms "compris-
es," "comprising," "including," and "having," are inclusive
and therefore specify the presence of stated features,
integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. The
method steps, processes, and operations described
herein are not to be construed as necessarily requiring
their performance in the particular order discussed or il-
lustrated, unless specifically identified as an order of per-
formance. It is also to be understood that additional or
alternative steps may be employed.

[0013] Although the terms first, second, third, etc., may
be used herein to describe various elements, compo-
nents, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not
be limited by these terms. These terms may be only used
to distinguish one element, component, region, layer or
section from another element, component, region, layer
or section. That is, terms such as "first," "second," and
other numerical terms, when used herein, do not imply
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a sequence or order unless clearly indicated by the con-
text.

[0014] This disclosure describes a system and method
for compensating for parallax in rifle scopes. The system
includes an external Tunable Optical Module (TOM) at-
tachedtothe scope’s front optics. The TOM has refractive
plates that focus the image of a distant target onto the
aiming reticule. An onboard computer is connected to
the TOM and can access calibrated look-up tables. The
onboard computer also receives temperature data from
internal temperature sensors that monitor the rifle and
environment and the distant target range data. The com-
puter determines the zero-parallax setting distance and
adjusts the TOM’s refractive power with one or more ac-
tuators using the temperature, target range, and calibra-
tion data. As a result, the images of the distant target are
focused back onto the reticle, eliminating parallax even
when the operator moves their head or eyes.

[0015] Fig. 1 is a schematic block diagram of an ex-
ample parallax compensation system 100. Parallax com-
pensation system 100 is attached to the front of a rifle
scope to compensate for the parallax associated with the
displacement or difference in the apparent position of
remote object 110 viewed along two different lines of sight
and is measured by the angle or half-angle of inclination
between those two lines. The parallax compensation sys-
tem 100 includes a tunable optics module (TOM) 102,
an onboard computer 104, and actuators 106. TOM 102
includes several refractive plates 108A and 108B to tune
its refractive power to focus the images of a remote target
110.

[0016] In some implementations, refractive plates
108A and 108B may include flat surfaces 132A and 132B
to tune their refractive power. Flat surfaces 132A and
132B may be freeform lenses (Alvarez type), flat diffrac-
tive surfaces, flat metasurfaces, or a combination thereof.
[0017] The refractive plates 108A and 108B can be
moved by actuators 106, which follow instructions from
the onboard computer 104. Actuators 106, which may
include microelectromechanical systems (MEMS) actu-
ators, convert electrical signals into mechanical move-
ments of refractive plates 108A and 108B. These actu-
ators can shift the refractive plates 108A and 108B ver-
tically or rotate them to adjust the refractive power of
TOM 102. Alternatively, actuators 106 can be electro-
static, electrothermal, electromagnetic, or piezoelectric.
[0018] Onboard computer 104 includes one or more
processors capable of controlling and performing the re-
quired operations and memories for storing applications
and relevant data. Also, onboard computer 104 includes
calibrated look-up tables 112, stored in its memory and
connected to TOM 102. In some implementations, on-
board computer 104 may be an embedded processor or
the like placed within parallax compensation system 100.
In other implementations, onboard computer 104 may be
external to parallax compensation system 100. In this
instance, parallax compensation system 100 may in-
clude wireless capabilities to receive and send data to
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onboard computer 104.

[0019] Moreover, onboard computer 104 may receive
target range data of remote object 110. In some instanc-
es, the target range data 114 may be GPS data of remote
object 110. The target range data 114 may be from a
remote source, such as an external drive or the like. To
determine the zero-parallax setting distance, the on-
board computer 104 requires the target range data 114,
the internal temperature information of rifle scope 122,
and calibration data from the calibrated look-up tables
112. The computer then sends signals or commands to
actuators 106 to move refractive plates 108A and 108B,
which helps to reflect the zero-parallax setting distance
at TOM 102. This results in image 124 of the remote
target 110 being in focus on the aiming reticle 116. By
bringing image 124 to a focal plane 130 that contains
aiming reticule 116, no parallax is observed, which elim-
inates parallax error.

[0020] An updater can be utilized in certain implemen-
tations to keep target range data 114 and calibrated look-
up tables 112 up to date. This updater may be housed
in the onboard computer 104 or accessed externally from
another computer.

[0021] The rifle scope 122 has two sets of optics: front
optics 118 and back optics 120. Front optics 118 consists
of lenses and/or prisms between the objective and the
reticule plane 116. Additionally, front optics 118 has one
or more local internal temperature sensors 128 that pro-
vide the internal temperature data of front optics 118 or
rifle to onboard computer 104. In this particular imple-
mentation, TOM 102 is located in front of front optic 118.
In other implementations, internal temperature sensors
128 may be placed inside TOM 102 or other locations in
rifle scope 122.

[0022] Onboard computer 104 uses internal tempera-
ture information received from internal temperature sen-
sors 128 in conjunction with target range data 114 and
calibrated look-up tables 112 to determine zero-parallax
setting distance. Back optics 120 may include an eye-
piece of the rifle scope and any additional optics for im-
aging a remote target 110. An operator’s head or eyes
126 is positioned at a distal side of back optics 120.
[0023] Parallax compensation system 100 eliminates
parallax errors caused by temperature-dependent and
temperature-independent sources. Itcan dynamically re-
move parallax in real time, even if the operator’s head or
eyes are misaligned and the temperature changes. More-
over, parallax compensation system 100 can be easily
added to any existing rifle scope without requiring exten-
sive internal modifications or redesigning the current
scope.

[0024] Although used with a rifle in this instance, the
parallax compensation system 100 can also be used with
other firearms with an imaging component, such as rifle
scope 122. Additionally, parallax compensation system
100 can be applied to other optical systems and devices,
such astelescopes. Like the example described, parallax
compensation system 100 is connected to the front optics
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of these systems and devices.

[0025] Fig. 2 is a schematic diagram of an example
rifle 200 connected to a parallax compensation system
202. Therifle 200 includes arifle scope 202, a barrel 210,
achamber 212, a trigger 214, a gripper 216, a stock 218,
and a recoil pad 220. Rifle scope 202 is positioned above
chamber 212 to allow a user to identify a remote object
using rifle scope 212. Note rifle scope 202 is similar to
rifle scope 122 of Fig. 1, including having similar compo-
nents, such as a front optics 206 and a back optics 208.
Moreover, a parallax compensation system 204 is con-
nected to rifle scope 202 via front optics 206. Parallax
compensation system 204 is like parallax compensation
system 100 of Fig. 1, including having similar compo-
nents for removing parallax error when imaging a remote
object at rifle scope 202.

[0026] The components of parallax compensation sys-
tem 204 are placed internally in this implementation.
However, in other implementations, specific compo-
nents, like onboard computer 104, may be external to
parallax compensation system 204. If this is the case,
parallax compensation system 204 and external compo-
nents may have wireless capabilities to communicate
with each other.

[0027] While rifle 200 is a specific rifle implementation,
one may use other rifle implementations. Different rifle
scopes may use parallax compensation system 202 be-
side rifle scope 202 shown in Fig. 2. Parallax compen-
sation system 202 can be added as an external modular
upgrade to any existing rifle scope which does not have
parallax adjustment capabilities. There is no need for ex-
tensive internal modifications and/or a total redesign of
the current rifle scope.

[0028] Fig. 3 is a process flowgraph of operations in-
cluded in an example process 300 for dynamic parallax
compensation. Process 300 includes providing a front
optics (such as front optics 118, Fig. 1) and a back optics
(such as back optics 120, Fig. 1) of an optical system
(such as rifle scope 124, Fig. 1) for identifying and imag-
ing a remote object (such as remote object 110, Fig. 1)
(Step 302). Process 300 includes coupling a parallax
compensating device to the front optics (Step 304). Proc-
ess 300 includes determining, using the parallax com-
pensating device, a zero-parallax setting distance (such
as zero-parallax setting distance, FIG. 1) to compensate
parallax errors associated with imaging a remote object
(Step 306). Process 300 includes removing, using the
zero-parallax setting distance, the parallax errors dynam-
ically in real time even if a user is misaligned and tem-
perature at the front optics or optical system changes
(Step 308).

[0029] In some implementations, the front optics in-
cludes an objective lens and other lenses and/or prisms
located between the objective lens and a reticule plane.
The back optics includes an eyepiece. The front optics
may include at least one temperature sensor for deter-
mining temperature data of the front optics or optical sys-
tem.
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[0030] Insomeimplementations, the parallax compen-
sating device may include a processing system to deter-
mine the zero-parallax setting distance based on target
range data of the remote object, temperature data of the
rifle scope or rifle, and calibrated data from at least one
calibrated look-table stored in the processing system.
The parallax compensating device includes external tun-
able optics module (TOM) having the refractive plates.
The TOM may be coupled to at least one actuator to
move the refractive plates. The processing system may
send signals to the at least one actuator to move the
refractive plates to tune its refractive power to reflect the
zero-parallax setting distance. The parallax compensa-
tion device may cancel both temperature dependent and
temperature independent sources of the parallax error.
[0031] This document explains a parallax compensat-
ing system and technique for adjusting parallax in rifle
scopes and optical devices. This system has severalben-
efits, including correcting both temperature-related and
independent sources of parallax error and dynamically
adjusting parallax in real time even if the user’s eyes or
head are not aligned or the temperature changes. Addi-
tionally, this system can be easily added to any existing
scope or optical device without significant internal mod-
ifications or a complete redesign.

[0032] Reference in the specification to "one imple-
mentation" or "an implementation" means that a partic-
ular feature, structure, or characteristic described in con-
nection with the implementation is included in at least
one implementation of the disclosure. The appearances

of the phrase "in one implementation," "in some imple-
mentations," "in one instance," "in some instances," "in
one case," "in some cases," "in one embodiment," or "in
some embodiments" in various places in the specification
are not necessarily all referring to the same implemen-
tation or embodiment.

[0033] Finally, the above descriptions of the implemen-
tations of the present disclosure have been presented
for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the present disclo-
sure to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching.
It is intended that the scope of the present disclosure be
limited not by this detailed description, but rather by the
claims of this application. As will be understood by those
familiar with the art, the present disclosure may be em-
bodied in other specific forms without departing from the
spiritor essential characteristics thereof. Accordingly, the
present disclosure is intended to be illustrative, but not
lim iting, of the scope of the present disclosure, which is
set forth in the following claims.

Claims
1. Arifle comprising:

a rifle scope including a front optics and back
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optics for imaging a remote object; and

a parallax compensating device coupled to the
rifle scope, the parallax compensating device
determining a zero-parallax setting distance to
compensate parallax errors associated with im-
aging aremote object, wherein the parallax com-
pensating device removes, using the zero-par-
allax setting distance, the parallax errors dy-
namically in real time even if a user’'s head or
eyes are misaligned and temperature at the rifle
scope or rifle changes.

The rifle of claim 1, wherein the front optics compris-
es an objective lens and other lenses and/or prisms
located between the objective lens and a reticule,
and wherein the back optics optionaly comprise an
eyepiece.

The rifle of claim 1 or 2, wherein the front optics com-
prises at least one temperature sensor for determin-
ing temperature data of the rifle scope or surrounding
environment.

Therrifle of claim 3, wherein the parallax compensat-
ing device comprises a processing system to deter-
mine the zero-parallax setting distance based on tar-
get range data of the remote object, temperature da-
ta of the rifle scope or rifle, and calibrated data from
at least one calibrated look-table stored in the
processing system.

Therrifle of claim 4, wherein the parallax compensat-
ing device comprises external tunable optics module
(TOM) having the refractive plates, wherein the TOM
is coupled to at least one actuator to move the re-
fractive plates, wherein each of the refractive plates
optionaly comprises a diffraction-limited surface,
and wherein the TOM is optionaly positioned on the
front optics of the rifle scope.

The rifle of claim 5, wherein the processing system
sends signals to the at least one actuator to move
the refractive plates to tune its refractive power to
reflect the zero-parallax setting distance, and where-
in the processing system is optionaly an embedded
processor.

The rifle of any of the preceding claims, wherein the
parallax compensation device cancels both temper-
ature-dependent and temperature-independent
sources of the parallax error.

A method for dynamic parallax compensation, the
method comprising:

providing a front optics and a back optics of an
optical system for imaging a remote object;
coupling a parallax compensating device to the
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front optics;

determining, using the parallax compensating
device, a zero-parallax setting distance to com-
pensate parallax errors associated with imaging
a remote object; and

removing, using the zero-parallax setting dis-
tance, the parallax errors dynamically in real
time even if a user is misaligned and tempera-
ture at the front optics or the optical system
changes.

The method of clam 8, wherein the front optics com-
prises an objective lens and other lenses and/or
prisms located between the objective lens and a ret-
icule plane, and wherein the back optics optionaly
comprises an eyepiece.

The method of claim 8, wherein the front optics com-
prises at least one temperature sensor for determin-
ing temperature data of therifle scope or surrounding
environment.

The method of claim 10, wherein the parallax com-
pensating device comprises a processing system to
determine the zero-parallax setting distance based
on target range data of the remote object, tempera-
ture data of the rifle scope or rifle, and calibrated
data from at least one calibrated look-table stored in
the processing system.

The method of claim 11, wherein the parallax com-
pensating device comprises external tunable optics
module (TOM) having the refractive plates, wherein
the TOM is coupled to at least one actuator to move
the refractive plates.

The method of claim 12, further comprising sending
signals, using the processing system, to the at least
one actuator to move the refractive plates to tune its
refractive power to reflect the zero-parallax setting
distance.

The method of claim 8, further comprising canceling,
using the parallax compensation device, both tem-
perature-dependent and temperature-independent
sources of the parallax error.

The rifle of claim 5 wherein the processing system
is configured to send signals to the at least one ac-
tuator to adjust the refractive plates for tuning the
refractive power of the TOM to reflect the zero-par-
allax setting distance to compensate for the parallax
error.
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